Introduction
COPD is a preventable and treatable disease. Common risk factors for COPD include exposure to tobacco smoke and smoke from biomass fuels. 1 COPD is predicted to be the third leading cause of death by 2020. 1,2 Direct health care expenditures for this chronic disease account for more than half ($30 billion) of the national projected economic cost for COPD ($49.9 billion; 2010 estimate). 3 Indirect morbidity costs, primarily associated with lost productivity, are responsible for $8 billion of the projected total cost, and indirect mortality costs account for $14.8 billion. 4 A direct link between COPD severity and cost of care has been noted. 1, 5 Patients with very severe disease per Global Initiative for Chronic Obstructive Lung Disease 2010 criteria incurred up to six times the cost of a non-COPD control group. 5 Similar trends have been reported elsewhere. 3, 6 Reduced lung function associated with COPD also has a negative impact on productivity, reducing a patient's ability to perform activities of daily living. [7] [8] [9] COPD has been associated with 19.4 more days away from work (vacation, sick time, and disability) and 27.5 more days of lost productivity due to impaired performance at work compared with other chronic conditions. 9 This is an important consideration since half of patients with COPD are in their productive, working years. 10 Thus, COPD is a costly disease for an employer. 11, 12 While several studies have estimated the direct cost of COPD, a few have estimated both the direct and indirect costs, as a measure of the true burden of COPD. 13, 14 Furthermore, although a number of studies have assessed the impact of exacerbation frequency on direct costs, [15] [16] [17] [18] there is limited information on the impact of frequency of exacerbations on both direct and indirect costs in patients with COPD. Exacerbations in COPD are the dominant cause of COPD morbidity and mortality, 19 estimated to account for 50%-75% of the direct health care costs for COPD. 20 Therefore, it is important to highlight the incremental impact of these exacerbations on indirect costs. The current study seeks to provide incremental estimates of the direct and indirect burden of COPD using data from a nationally representative setting of working-age patients with COPD with employer-sponsored insurance. Furthermore, the impact of frequency of exacerbations on both direct and indirect costs was explored, and the predictors of high-cost patients with COPD were evaluated.
Patients and methods study design and sample selection
This was a retrospective, observational, matched cohort study that used administrative claims data from the Truven Health MarketScan ® Commercial Claims and Encounters (Commercial) and Health and Productivity Management (HPM) databases between January 1, 2007, and December 31, 2010.
The Commercial database, which represents the medical experience for .50 million insured employees and their dependants, was used to identify patient characteristics and calculate direct costs. The HPM database, which contains productivity metrics for almost 3 million employees, was used to estimate indirect costs. The MarketScan ® databases fully comply with the Health Insurance Portability and Accountability Act of 1996 (HIPAA) and meet the requirements for fully de-identified datasets; therefore, ethical approval was not required for this study.
Working-age (18-65 years) patients in the COPD cohort were identified as having had at least one hospitalization or one emergency department (ED) visit or two outpatient visits with a diagnosis code for COPD (International Classification of Diseases, Ninth Revision, Clinical Modification codes: 491.xx, 492.xx, 496.xx) in any field during the identification period (2007) (2008) (2009) . Patients in the non-COPD cohort were required to have at least one medical or prescription claim for any cause except COPD during the identification period and did not have a diagnosis of COPD during the study period. The earliest possible year during the identification period was chosen as the index year (12-month period) for each patient with COPD. Whichever year was used, the same year was used for the matched patient without COPD as the final index year. Patients with COPD were matched to patients in the non-COPD cohort in a 1:3 ratio using key baseline variables (age, gender, geographic region, health plan type, industry employment category, index year, and eligibility for absence or shortterm disability in the index and outcome years). After initial identification, patients aged $40 years in the index year with eligibility for medical as well as absenteeism and/or short-term disability benefits in both the index and outcome years were included in the final sample eligible for matching. Patients were excluded from this final sample for missing or unknown values for any matching variable, evidence of pregnancy in the index or outcome year, or diagnosis of a condition associated with reduced lung function during the index or outcome year (list of conditions available upon request). Within the COPD cohort, patients were classified by the frequency of exacerbations: frequent ($2), infrequent (1), and non-exacerbator (0). A COPDrelated exacerbation was defined as a hospitalization or ED visit with a primary discharge diagnosis of a COPD event or a COPD-related physician visit with a primary diagnosis of a COPD event. In addition, patients had to have received an oral corticosteroid (OCS) or antibiotic prescription within 5 days of the physician visit. 21 International Journal of COPD 2018:13 submit your manuscript | www.dovepress.com
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COPD productivity and costs for employers study outcomes For all patients, outcomes were evaluated in the calendar year (12-month period) after the index year. Incremental costs, defined as the difference in all-cause direct and indirect costs between patients with and without COPD in the outcome year (ie, 2008-2010) , were used to estimate the costs incurred by COPD. Direct cost estimates were computed using paid amounts on all medical and pharmacy claims regardless of diagnosis. Indirect costs were estimated from the costs paid for short-term disability claims. All costs were adjusted to 2010 United States (US) dollar (USD) using the medical component of the Consumer Price Index.
Other end points evaluated included direct medical resource use (hospitalizations, ED visits, physician visits, outpatient visits, and other medical visits), productivity metrics (short-term disability, absenteeism for any reason, and sickness-related absenteeism), and COPD-specific resource use and costs.
statistical analyses
A random-effects model was used to test the assumption that the within-clusters residual variance was similar across the matched cohorts. If the variance was low across the clusters (,0.3), the within-clusters residual variance was assumed to be the same across all clusters and analyzed using a standard generalized estimating equation (GEE) model with a log-link using the appropriate distribution (usually gamma) without incorporating random effects. When variance was high (.0.3), categorical outcomes, such as proportion of patients using different medical resources, were analyzed using a multivariable conditional logistic regression model. Continuous outcomes, such as productivity metrics, were evaluated using GEE models with an identity link and a normal distribution. Comorbidities that were not usually theorized to be associated with COPD were adjusted for in all multivariate models to eliminate excess costs due to unrelated conditions. All multivariate models were also adjusted for comorbidities with diagnosis codes that comprised the Charlson Comorbidity Index (CCI), including cardiovascular disease (CVD) and respiratory conditions that have been shown to be associated with COPD and related outcomes. All statistical analyses were conducted using SAS ® version 9.2 (SAS Institute Inc., Cary, NC, USA) with an a priori significance level of 0.05.
Results
A total of 6,113 patients with COPD and 128,935 patients without COPD met all study criteria and were available for matching. The final matched sample included 22,804 patients (5,701 patients with COPD and 17,103 patients without COPD). Within the COPD cohort, 3.6% of patients were classified as frequent exacerbators, 10.4% as infrequent exacerbators, and 86% as non-exacerbators.
The average age of this working-age COPD cohort was 53 years, with the majority being males (65.7%; Table 1 ). The majority of the patients (81%) were eligible for shortterm disability benefits but not absenteeism, 3% were eligible for absenteeism but not short-term disability, and 16% were eligible to incur both. The COPD cohort had higher overall disease burden versus the non-COPD cohort, based on the higher CCI score of 0.88 versus 0.36. The proportion of patients with COPD-related comorbidities (ie, asthma, upper respiratory tract infection [URTI], lower respiratory tract infection, depression, and CVD) and comorbidities included in the CCI was also higher for the COPD cohort.
Direct costs and resource utilization
Patients with COPD incurred costs that were almost twice as high as costs for patients without COPD, after adjusting for comorbidities ($11,984 vs $5,738; Figure 1) . Thus, the incremental per-patient direct cost of COPD was estimated at $6,246/year (95% confidence interval [CI]: $4,620, $8,623; P,0.001). Both medical and pharmacy costs were significantly higher for patients with COPD compared with patients without COPD. The difference in medical costs averaged $4,653. Patients with COPD also had a significantly higher resource use for all medical visits in all sites of care (Table 2) relative to patients in the non-COPD cohort. Patients with COPD had significantly more than twice the odds of having a hospitalization or ED visit compared with patients in the non-COPD cohort. Furthermore, they had three more physician visits/year compared with patients without COPD (P,0.001).
When assessing costs by exacerbator status, as expected, direct costs increased with the frequency of exacerbations. Frequent exacerbators averaged $17,651/year and infrequent exacerbators $14,501/year. Both groups had significantly higher costs than non-exacerbators ($11,395, P,0.001, compared with both groups). When evaluating COPD-specific costs (ie, cost for medical claims with a primary COPD diagnosis and pharmacy claims for COPD-related drugs), a similar pattern was observed. The predicted COPD-specific costs for both frequent exacerbators ($4,361) and infrequent exacerbators ($2,266) were statistically significantly higher than the cost for non-exacerbators ($644; P,0.001, compared with both cohorts). All-cause resource utilization 
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COPD productivity and costs for employers of every visit type was highest for frequent exacerbators, followed by infrequent exacerbators and non-exacerbators, in terms of both the proportion of patients seeking care and the average number of visits/year (data not shown).
Indirect costs and productivity
Only those patients who were eligible for absenteeism and/or short-term disability benefits were included in the respective indirect cost and productivity analyses. Approximately 19% of the full study group was eligible for absenteeism benefits, and close to 97% was eligible for short-term disability. On average, patients with COPD incurred $641 higher costs due to short-term disability compared with patients in the non-COPD cohort (Figure 1) . Thus, the incremental indirect and direct cost burden due to COPD averaged ~$7,000/year.
Although patients with COPD had a slightly higher likelihood of incurring absenteeism for any reason than patients without COPD, this difference was not significant (Table 2) . 
2306
Patel et al
However, patients with COPD did have significantly more absenteeism hours relative to patients without COPD with an average of 44 more hours missed/year, which represents a difference of ~5 days/year. When evaluating only sicknessrelated absence, patients with COPD had 60% higher odds of taking a sick day compared with patients without COPD, with a significant difference of 14 hours or 1.5 days/year (P,0.001). Patients with COPD had almost 2.6 times the odds of incurring short-term disability with an average of eight more disability days/year than patients without COPD (Table 2) .
When assessing indirect costs and productivity metrics by exacerbator status, frequent and infrequent exacerbators had significantly higher absenteeism hours for any reason compared with non-exacerbators (P,0.001 for both groups vs non-exacerbators; Figure 2 ). Sickness-related absenteeism hours, while higher for these two subgroups, did not differ when compared with those of non-exacerbators (Figure 2) .
The number of short-term disability days was significantly higher for both frequent and infrequent exacerbators; frequent exacerbators had more than two times the number of short-term disability days compared with non-exacerbators (29.3 vs 11.4, P,0.001; Figure 2 ). This translated into a significantly higher short-term disability cost difference of $2,857/year for frequent exacerbators compared with nonexacerbators (Figure 3 ). Short-term disability costs for infrequent exacerbators, although higher, were not statistically significant compared with those for non-exacerbators.
Predictors of high costs
When defining patients whose overall cost was above the 90th percentile of the cost distribution ($33,408) as highcost patients, the multivariate analysis returned many statistically significant predictors of high cost ( Figure S1 ): frequent exacerbator type, infrequent exacerbator type, CCI, depression, number of prescription fills for OCS, and total 
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COPD productivity and costs for employers direct all-cause cost in the index year. Sensitivity analysis defining patients whose overall cost was above the 85th percentile of the cost distribution ($24,127) as high-cost patients revealed two additional covariates as statistically significant predictors: URTI (odds ratio: 1.3; 95% CI: 1.04, 1.5; P=0.015) and total indirect cost in the index year (odds ratio: 1.03; 95% CI: 1.01, 1.05; P=0.004).
Discussion
The aim of this study was to evaluate the incremental economic burden due to COPD, assessing both direct and indirect costs. Overall, the results suggest that insured, working-age patients with COPD incurred approximately twice the costs of patients without COPD, resulting in ~$6,000/year in incremental direct costs. In addition, patients with COPD incurred higher productivity losses due to their disease. This resulted in $641/year in incremental costs due to short-term disability claims. Thus, the per-patient incremental burden due to COPD can be estimated to be $6,650/year, of which 10% is due to productivity losses.
Our study findings were confirmed by a similar database study by Nair et al 14 that used the same data source as our study, albeit using data until 2007 versus data after 2007 as in our study. The incremental direct cost due to COPD was found to be much higher in the current study compared with that in the study by Nair et al 14 ($6,000 vs $3,600); however, indirect costs were slightly lower in our study ($641 vs $909). Indirect costs accounted for ~20% of the total costs in the study of Nair et al, which were higher than the 10% costs due to productivity losses in our study. Importantly, despite showing higher absenteeism in patients with COPD, we had insufficient data to allow inclusion of the associated costs; therefore, the indirect costs are likely to be underestimated. Other studies have reported productivity losses amounting to 37%-41% of the total costs of COPD. 2, 22 These studies also included morbidity or presenteeism data in computing indirect costs, which likely account for the higher percentage compared with our study.
Several studies of working-age patients with COPD in the US assessing productivity metrics but not costs have found these measures to be significantly higher in patients with COPD compared with those without COPD. 7, 9, 11, 22, 23 Of note, workers with COPD had the largest risk of being absent due to their condition compared with those with depression, anxiety, or emotional disorder and migraine/chronic headaches. 11 On average, patients with COPD in our study had 56 hours/year of sicknessrelated absenteeism, similar to the value found in another study where patients with COPD reported 1.08 hours/week (52 hours/year) lost due to absenteeism. 23 In general, patients with COPD have 1.2-1.5 times the rate of absenteeism and short-term disability as patients without COPD, as seen in the current study and the study of Nair et al. 14 Although there are limited data relating the frequency of exacerbations to indirect costs, data from the Confronting COPD survey in Europe have shown that indirect costs change with disease severity, increasing from 4 to 17 times from mild to severe disease. 24, 25 A study of working-age patients with COPD in the US found that more severe disease was associated with a greater reduction in workforce participation (3.4%, 3.9%, and 14.4% for mild, moderate, and severe COPD, respectively). 26 In our study, all patients were in the workforce, but an incremental effect was observed with an increasing number of exacerbations with distinct differences noted between frequent exacerbators compared with infrequent and non-exacerbators in the number of short-term disability days. Unfortunately, the low sample size limits the interpretation of the impact of frequency of exacerbations on absenteeism in the current study. The recent work by the study authors has found frequent exacerbators to have almost two times higher COPD-related costs on a per-patient level compared with infrequent exacerbators ($7,400 vs $3,900), but on a population-level, infrequent exacerbators accounted for a higher proportion of patients with COPD and were similar if not more burdensome compared with frequent exacerbators in terms of their percentage share of the total COPD-related costs (23% vs 18%). 4 In this study, models were adjusted for comorbidities included in the CCI rather than a comprehensive list of possible comorbidities, meaning that some conditions may not have been accounted for. Furthermore, our estimate of indirect costs only accounts for short-term disability and not absenteeism, presenteeism, or long-term disability. This may underestimate costs for an employer. Moreover, short-term disability data were extracted from the MarketScan database, the reliability and consistency of which have not been confirmed. In addition, we evaluated the outcomes in the calendar year after the index year, regardless of when diagnosis was made. Should patients have been diagnosed in the beginning of the index year, thereby beginning outcomes recording a full year after diagnosis, costs may have been underestimated.
Another limitation of our analysis was the assessment of exacerbator status that used medical claims for defining exacerbator groups in the same period as outcomes; this potentially confounded the impact of exacerbations on direct costs. Unlike direct costs, the data for indirect costs were not confounded by exacerbator classification as no productivity 
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Patel et al metrics were used for exacerbator classification. However, larger samples are required to further corroborate the impact of exacerbator status on productivity metrics and participation in the workforce. As for other database studies, this analysis was limited by the data available within the database. Patients were all of working age, insured, and employed, potentially reducing the generalizability of the findings to the overall US population.
Notwithstanding the limitations, the study findings have highlighted the importance of assessing indirect costs and productivity outcomes in a COPD population and emphasized the need for future research to consider the impact of productivity and indirect cost outcomes in comparative effectiveness research evaluating various COPD treatment modalities.
Conclusion
Results of our database study demonstrate that working-age patients with COPD incur approximately twice the costs of patients without COPD and use more resources including hospitalizations and short-term disability days. While direct costs are substantial, indirect costs comprise at least 10% of the overall economic burden of COPD and emphasize the need for targeted disease management efforts to reduce the impact of the disease on worker productivity.
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